Introduction {#S0001}
============

Gastric cancer (GC) is the fifth most commonly diagnosed malignancy and the third leading cause of cancer death globally.[@CIT0001] In China, both incidence and mortality of GC rank second among malignancies and are significantly higher in the elderly population compared to the young.[@CIT0002] In 2015, there were an estimated 679,100 new cases and 498,000 deaths from GC in China; more than two-thirds of cases and more than three-fourths of GC deaths were accounted for by patients over 60 years old, a group that is growing as the Chinese population ages.[@CIT0003]

The predominant curative therapy for GC is surgery, which achieved great success thanks to advances in minimally invasive surgical techniques.[@CIT0004],[@CIT0005] However, numerous challenges are involved in managing elderly GC patients, including greater incidence of postoperative complications.[@CIT0006]--[@CIT0008] Specifically, owing to a greater comorbidity burden and lower functional reserve capacity, elderly patients are more susceptible to infectious complications, such as pneumonia,[@CIT0009],[@CIT0010] which can be fatal. There is no consistent definition of "elderly" patients achieved, but several studies indicated significance of surgical outcomes in GC patients when comparing patients older than 70 years with those ≤70 years.[@CIT0011]--[@CIT0014]

Recent studies show that postoperative complications are associated with poor short- and long-term outcomes in GC patients, such as reduced tolerance of adjuvant therapy[@CIT0015] and lower disease-specific survival.[@CIT0016],[@CIT0017] Surgeons must weigh the benefits of tumor resection as a potential curative therapy against the risk of postoperative complications in elderly GC patients in light of their limited life expectancy. Elderly patients with prolonged inflammatory response and increased comorbid possibly leads to high risk of infections after surgery.[@CIT0016] Limited studies implied that infectious complications were over 20% in older GC patients with prolonged the length of hospitalization and delayed recovery after surgery.[@CIT0017]--[@CIT0019] However, evidence focused on infectious complications after gastrectomy and associated risk factors in elderly GC patients are quite little. Accordingly, we aimed to identify risk factors of infectious complications following gastrectomy in a cohort of elderly GC patients at an academic medical center in China.

Methods {#S0002}
=======

Patients and Study Design {#S0002-S2001}
-------------------------

All patients ≥70 years old diagnosed with GC and undergoing surgery between January 2013 and December 2017 at Peking Union Medical College Hospital were evaluated for inclusion. Exclusion criteria were: (1) patients whose pathological diagnosis were not gastric adenocarcinoma, (2) surgical treatment was not gastrectomy, (3) study data were missing, and (4) patients underwent emergency surgery or had concomitant malignancy. Currently, there is no universally common definition of "elderly" patients.[@CIT0014] Previous studies found GC patients ≥70 years had significantly higher postoperative morbidity and mortality than those \<70 years.[@CIT0011]--[@CIT0014] The study protocol was reviewed and approved by the Institutional Review Board of Peking Union Medical College Hospital. Given the retrospective nature of the study, a rapid approval was granted by the PUMCH-IRB. Each patient provided written informed consent.

Data Collection and Evaluation {#S0002-S2002}
------------------------------

All data were collected retrospectively from electronical medical records. Variables collected included age and body mass index (BMI) at the time of surgery, comorbidities as evaluated using the Charlson comorbidity index (CCI, [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=253649.zip)]{.ul}),[@CIT0020],[@CIT0021] preoperative nutritional status as defined by nutritional risk screening (NRS 2002) score[@CIT0022] and prognostic nutritional index (PNI),[@CIT0023] preoperative weight loss of ≥5% total body weight within 12 months before surgery, and GC stage based on the 7th edition of American Joint Committee on Cancer TNM Classification System.[@CIT0024] Surgical data included type of operation, operation duration and intraoperative blood loss. We used 240 minutes[@CIT0025] and 400ml[@CIT0026] as cutoffs of operation duration and intraoperative blood loss, respectively.Table 1Clinicopathologic Variables and Postoperative Infectious ComplicationsInfectious ComplicationsClinicopathologic variablesPatients (n=331)YesNoP-valueSex0.623 Male252 (76.1)51 (22.2)201 (79.8) Female79 (23.9)14 (17.7)65 (82.3)Age (years)74 (70--88)74 (71--77)74 (72--77)0.870Smoking history0.827 Yes121 (36.6)23 (19.0)98 (81.0) No210 (63.4)42 (20.0)168 (80.0)CCI score0.003 ≥344 (13.3)16 (36.4)28 (63.6) 0--2287 (86.7)49 (17.1)238 (82.9)ASA class0.228 ≥3139 (42.0)23 (16.5)116 (83.5) 1---2192 (58.0)42 (21.9)150 (78.1)Preoperative hsCRP (mg/L)\*0.009 ≥1045 (15.2)15 (33.3)30 (66.7) \<10251 (84.8)42 (16.7)209 (83.3)ICU admission0.415 Yes123 (37.2)27 (22.0)96 (78.0) No208 (62.8)38 (18.3)170 (81.7)Preoperative blood transfusion0.085 Yes89 (26.9)23 (25.8)66 (74.2) No242 (73.1)42 (17.4)200 (82.6)Tumor differentiation0.206 Poor204 (61.6)43 (21.1)161 (78.9) Moderate102 (30.8)15 (14.7)87 (85.3) Well25 (7.6)7 (28.0)18 (72.0)pTNM stage0.452 I108 (32.6)19 (17.6)89 (82.4) II82 (24.8)20 (24.4)62 (75.6) III141 (42.6)26 (18.4)115 (81.6)[^1]

The principal outcome was postoperative infectious complications at 30 days following surgery. Severity of postoperative complications was graded according to the Clavien--Dindo (CD) classification system.[@CIT0027] Complications were defined as CD grade II or more severe. Infectious complications were assessed based on a clinical diagnosis of health care-associated infection as defined by the US Centers for Disease Control and Prevention.[@CIT0028] Signs, symptoms, changed laboratory results and/or imaging evidence are used when confirming each incidence of infectious complications ([[Supplementary Table 2](https://www.dovepress.com/get_supplementary_file.php?f=253649.zip)]{.ul}), such as fever (\>38.0°C) and elevated white blood cell (≥12,000/mm^3^) and X-ray indicating new or progressive infiltrate. In patients with multiple complications, the most severe complication based on the CD classification was used in calculating the severity of complications. When calculating infectious complications, all infectious complications were included regardless of severity.Table 2Nutritional Variables and Postoperative Infectious ComplicationsInfectious ComplicationsNutritional variablesAll patientsYesNoP-valueBMI (kg/m^2^)0.108 ≤18.526 (7.9)1 (3.8)25 (96.2) \>18.5, \<24177 (53.5)37 (20.9)140 (79.1) ≥24128 (38.6)27 (21.1)101 (78.9)Preoperative weight loss0.011 ≥5%118 (35.6)32 (27.1)86 (72.9) \<5%213 (64.4)33 (15.5)180 (84.5)NRS 2002 score0.822 ≥5115 (34.7)24 (20.9)91 (79.1) 3--4216 (65.3)41 (19.0)175 (81.0)Preoperative anemia0.447 Yes114 (34.4)25 (21.9)89 (78.1) No217 (65.6)40 (18.4)177 (81.6)PNI score0.487 \<45114 (34.4)20 (17.5)94 (82.5) ≥45217 (65.6)45 (20.7)172 (79.3)Preoperative albumin (g/L)0.609 \<3559 (17.8)13 (22.0)46 (78.0) ≥35272 (82.2)52 (19.1)220 (80.9)[^2]

Statistical Analysis {#S0002-S2003}
--------------------

Categorical data are presented as number (percentage, %) and continuous data as median (range). Incidence of infectious complications was compared based on clinicopathologic, nutritional, and surgical variables using the Mann--Whitney test, Pearson's chi-square test, or Fisher's exact test as appropriate. Multivariate analyses were then performed using logistic regression. Risk factors with a P-value close to 0.1 in univariate analyses were included in the multivariate model. Multivariate analysis was performed in a stepwise fashion, with a P-value of \<0.05 considered statistically significant. All statistical analyses were performed using SPSS for Windows (Version 20, IBM, Chicago, IL, USA).

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

A total of 1446 GC patients underwent surgery during the study period. After applying exclusion criteria, 331 elderly patients who underwent gastrectomy for gastric adenocarcinoma were included in the study ([Figure 1](#F0001){ref-type="fig"}). The characteristics of the included patients including clinicopathologic, nutritional and surgical variables are summarized in [Tables 1](#T0001){ref-type="table"}, [2](#T0002){ref-type="table"} and [3](#T0003){ref-type="table"}, respectively. Among the 331 elderly GC patients, 76.1% were male and the median age was 74 years (range, 70--88 years). Two-thirds (67.4%, 223/331) of patients had advanced GC, 13.3% (44/331) had CCI score ≥3, and 15.2% (45/296) had preoperative high-sensitivity C-reactive protein (hsCRP) level ≥10 mg/L ([Table 1](#T0001){ref-type="table"}). A total of 35.6% (118/331) of patients had preoperative weight loss ≥5%, 34.7% (115/331) had NRS 2002 score ≥5, and 34.4% (114/331) had PNI \<45 ([Table 2](#T0002){ref-type="table"}). More than half of patients (55.6%, 184/331) underwent traditional open surgery, 39.0% (139/331) underwent laparoscopic surgery and 5.4% (18/331) began with laparoscopic surgery which was then converted to an open procedure. Total gastrectomy was performed on 28.4% (94/331) of patients ([Table 3](#T0003){ref-type="table"}).Table 3Surgical Variables and Postoperative Infectious ComplicationsInfectious ComplicationsSurgical variablesAll patientsYesNoP-valueApproach0.610 Laparoscopic surgery129 (39.0)22 (17.1)107 (82.9) Conversion18 (5.4)4 (22.2)14 (77.8) Open surgery184 (55.6)39 (21.2)145 (78.8)Gastric dissection0.089 Total94 (28.4)24 (25.5)70 (74.5) Partial237 (71.6)41 (17.3)196 (82.7)Lymph node dissection0.293 D2217 (65.6)39 (18.0)178 (82.0) D1, D1+114 (34.4)26 (22.8)88 (77.2)Methods of anastomosis0.665 Billroth I106 (32.0)19 (17.9)87 (82.1) Billroth II33 (10.0)7 (21.2)26 (78.8) Roux-en-Y108 (32.6)25 (23.1)83 (76.9) Gastroesophageal84 (25.4)14 (16.7)70 (83.3)Combined resection of organs\#0.601 Yes25 (7.6)6 (24.0)19 (76.0) No306 (92.4)59 (19.3)247 (80.7)Operation duration (minutes)0.415 ≥24079 (23.9)13 (16.5)66 (83.5) \<240252 (76.1)52 (20.6)200 (79.4)Intraoperative blood loss (mL)0.760 ≥40047 (14.2)10 (21.3)37 (78.7) \<400284 (85.8)55 (19.4)229 (80.6)[^3] Figure 1Flow diagram shows the included patients and the design of study. GC, gastric cancer; GIST, gastrointestinal stromal tumor; ESD, endoscopic submucosal dissection. Missing data (n=8) refer to cases losing pathological results, blood tests or surgical records.

Postoperative Complications {#S0003-S2002}
---------------------------

A total of 124 patients had complications, equating to a morbidity rate of 37.5% ([Table 4](#T0004){ref-type="table"}). Complications categorized as CD grade II were observed in 23.3% (77/331) of patients. Grade III, complications were observed in 11.8% (n=39) of patients, and grades IV and V complications were each observed in 1.2% (n=4) of patients, respectively. The overall mortality rate was 1.2% (n=4); all four patients died of bleeding. Pulmonary infection was the most frequent complication, with an incidence of 11.5% (38/331); two patients with pulmonary infection were reintubated. The second most frequently-occurring complication was delayed gastric emptying, which was observed in 6.0% of patients (n=20). 4.2% of patients (n=14) had gastrointestinal (GI) fistula, including 11 with anastomotic fistula, two with pancreatic fistula and one with duodenal dump fistula. 3.3% of patients (n=11) had bleeding complications (5 intraabdominal bleeding and 6 GI bleeding). Infectious complications were observed in 19.6% of patients (n=65), including 48 patients (14.5%) with grade II complications, 15 patients (4.5%) with grade III and two patients (0.6%) with grade IV ([Table 5](#T0005){ref-type="table"}).Table 4Incidence of Any Complications and Infectious Complications by Clavien--Dindo Classification Grade (Total N=331)Clavien--Dindo ClassificationPatients with ComplicationsPatients with Infectious ComplicationsAll patients124 (37.5)65 (19.6)II77 (23.3)48 (14.5)III39 (11.8)15 (4.5)IV4 (1.2)2 (0.6)V4 (1.2)0 (0)[^4] Table 5Types of Infectious Complications by Clavien--Dindo Classification Grade (Total N=331)Clavien--Dindo ClassificationInfectious complicationsTotalIIIIIaIIIbIVPulmonary infection38 (11.5)27 (8.2)9 (2.7)2 (0.6)Urinary tract infection9 (2.7)9 (2.7)Wound complication6 (1.8)2 (0.6)2 (0.6)2 (0.6)Intraabdominal infection7 (2.1)4 (1.2)2 (0.6)1 (0.3)Others\*9 (2.7)9 (2.7)[^5]

Risk Factors for Infectious Complications {#S0003-S2003}
-----------------------------------------

In multivariate analysis, we included CCI score, hsCRP, blood transfusion, BMI, weight loss and gastric dissection that were identified by the univariate analysis. We found that preoperative weight loss ≥5% (OR=2.21; 95% CI, 1.15--4.28, p=0.018), CCI score ≥3 (OR=2.83; 95% CI, 1.30--6.16, p=0.009) and preoperative hsCRP level ≥10mg/L (OR=2.48; 95% CI, 1.14--5.38, p=0.022) were independently associated with incidence of infectious complications ([Table 6](#T0006){ref-type="table"}).Table 6Results from Multivariate Logistic Regression Analysis of Risk Factors for Infectious ComplicationsRisk FactorsOR (95% CI)P-valuePreoperative weight loss0.018 ≥5%2.21 (1.15--4.28) \<5%1CCI score0.009 ≥32.83 (1.30--6.16) 0--21Preoperative hsCRP level (mg/L)0.022 ≥102.48 (1.14--5.38) \<101BMI (kg/m^2^)0.116 ≤18.50.14 (0.02--1.12) \>18.5, \<241 ≥241.29 (0.67--2.46)[^6]

Discussion {#S0004}
==========

In the present study, we found that preoperative weight loss ≥5% had over 2-folded increased risk of postoperative infectious complications in elderly GC patients, and CCI score ≥ 3 (OR=2.83; 95% CI, 1.30--6.16) and elevated hsCRP ≥ 10 mg/L (OR=2.48; 95% CI, 1.14--5.38) were associated with significantly higher risks of infectious complications as well. These identified risk factors for postoperative infectious complications can be helpful when we had gastrectomy in elderly GC patients, and perioperative management may be improved. Preoperative nutrition supplement, better evaluation and control of comorbidities, and more attention to preoperative elevated hsCRP might be helpful to optimally reduce postoperative infectious complications in these patients based on our findings.

For patients with GC undergoing gastrectomy, the detailed nature of the association between age and postoperative complications is unclear. Some studies indicated that age was not a risk factor for postoperative complications when comparing elderly group (≥70 years) with non-elderly group (\<70 years).[@CIT0011],[@CIT0012] However, studies with large cohort of patients proved that increased risks of postoperative complications in older patients. Hamilton et al demonstrated that age ≥75 years was independently associated with incidence of postoperative complications in a cohort of 3637 GC patients.[@CIT0008] Yang et al found that age ≥80 years was an independent risk factor for severe complications.[@CIT0007] Chronological age, as an irreversible factor, might be a potential risk factor for adverse outcomes after surgery, which leads to the significance of elderly population. However, there is no common and universal definition of "elderly" patients.[@CIT0014]

Postoperative infectious complications are among the most important concerns in elderly patients undergoing surgery. Infectious complications can lead to prolonged length of stay and delayed adjuvant chemotherapy, resulting in adverse impacts on prognosis. Previous study found that the incidence of infectious complications increased with age in GC patients, as 19.6% in patients of 71--75 years, 21.4% in 76--80 years and 23.6% in patients older than 80 years.[@CIT0008] However, specific infections, such as pneumonia were not reported in this study. Takama et al demonstrated infectious complications occurred in 24.2% patients and pneumonia in 11.1% patients in a cohort of 190 elderly GC patients (≥75 years).[@CIT0018] Similarly, we reported that the incidence of infectious complications was 19.6% and pneumonia in 11.5% in a cohort of 331 elderly GC patients. We had relatively lower infection rate, probably because the definition of "elderly" patients is over 70 years, which is lower than that in these studies. Pneumonia is the most common infectious complications in GC patients.[@CIT0017]--[@CIT0019] Tu et al and Miki et al found that 4.3--7.2% experienced postoperative pneumonia in surgical GC patients, which is lower than that we reported.[@CIT0017],[@CIT0019] One of the main reasons could be the younger populations (60--68 years) in these studies had relatively less proportion of impaired respiratory function. Consistent with these results, pneumonia was the most common postoperative infectious complication but a higher incidence was reported in our study.

In our analysis, we excluded fistula from postoperative infectious complications. Fistula, including anastomosis leakage, duodenal stump leakage and pancreatic leakage, is highly related to surgical procedures. In cases of anastomotic leakage, sufficient blood supply[@CIT0029] and adequate tension on the anastomosis site are the most important factors affecting healing. Anastomosis procedures have also been reported as risk factors for fistula.[@CIT0030],[@CIT0031] In contrast, postoperative infectious complications such as pneumonia are more related to patients' physiological status, which is the focus of our study.

Nutrition is an especially crucial issue in elderly GC patients, and malnutrition is well recognized as a risk factor for complications after major abdominal surgery.[@CIT0032],[@CIT0033] We found that preoperative weight loss ≥5% was an independent risk factor for postoperative infectious complications. Weight loss may indicate not only malnutrition but also increased incidence of sarcopenia, which is defined as loss of lean body mass and is associated with physical dysfunction.[@CIT0034]--[@CIT0036] BMI level was not related to postoperative infectious disease. Ejaz et al had similar findings that low BMI (\<18.5 kg/m^2^) was not associated with postoperative infectious diseases but indicated decreased overall survival after gastrectomy for cancer.[@CIT0037] Compared to younger patients, elderly GC patients had a higher prevalence of malnutrition and in turn experienced significantly higher rates of postoperative infectious complications. Accordingly, we urge a greater focus on preoperative nutritional assessment and intervention in this population.

The CCI was originally developed to evaluate comorbid conditions with the goal of determining mortality risks[@CIT0020] and was used in our study to evaluate comorbidities. Some previous studies showed that CCI score predicted poor outcomes including morbidity.[@CIT0038] Consistent with these results, we found that elderly GC patients with a CCI score ≥3 had significantly higher risk of postoperative infectious complications.

Findings from our study and others suggest that preoperative hsCRP may play a significant role in the occurrence of infectious complications. CRP is one of the most important acute phase reactants in humans and is a widely used biomarker of inflammation. CRP has been recognized as a biomarker of acute infection, though the optimal cutoff point to predict infection has yet to be determined.[@CIT0039] Higher CRP levels indicate more severe systemic inflammation, which is associated with worse underlying disease and elevated risks of adverse outcomes, as seen in several previous studies. For example, Shimizu et al found that preoperative CRP \>65 mg/L predicted surgical site infection after appendectomy (OR = 3.80; 95% CI, 1.31--11.04; p = 0.014).[@CIT0040] Zhou et al demonstrated that elevated preoperative CRP level (\>1 mg/L) was significantly correlated with infectious complications after GC surgery (multivariate OR = 1.62; 95% CI, 1.22--2.15, p \< 0.001).[@CIT0041] Additionally, Ishino et al found that preoperative CRP \>5 mg/L was significantly associated with poor survival in GC patients following gastrectomy (hazard ratio = 6.26; 95% CI, 1.11--35.28, p = 0.038).[@CIT0042] We use the cutoff, 10 mg/L, of hsCRP to identify the significant risk of infection in our clinical practice. Indeed, we found that preoperative hsCRP level ≥10mg/L (OR 2.48; 95% CI, 1.14--5.38, p = 0.022) were independently associated with incidence of postoperative infectious complications.

Several limitations to our study should be acknowledged. First and most significantly, the retrospective nature of the study design limits the ability to draw conclusions regarding causality, and the sample size of our study is relatively small. Secondly, our study included patients from one single academic medical center, and treatment practices may be different in other hospitals. It should be cautious when extrapolating our findings to the broader population. Finally, postoperative complications were assessed by various clinicians and may not have been recorded consistently by the different providers. Nevertheless, to the best of our knowledge, this study is the first to determine potential risk factors for infectious complications after gastrectomy in elderly GC patients. Future investigations are needed with prospective, multi-center designs and larger sample sizes to verify potential risk factors for postoperative infectious complications in elderly GC patients and to determine the optimal cutoff point for defining "elderly" surgical patients.

Conclusions {#S0005}
===========

In conclusion, we found that preoperative weight loss ≥5%, CCI score ≥3, and preoperative hsCRP level ≥10 mg/L independently predicted postoperative infectious complications in elderly GC patients undergoing gastrectomy. Clinicians are recommended to treatment elderly GC patients who had these risk factors with more attention.
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[^1]: **Notes:** Data are presented as number (%) or median (range). \*Preoperative hsCRP value of 35 patients was missing.

    **Abbreviations:** CCI, Charlson comorbidity index; ASA, American society of anesthesiologists; hsCRP, high-sensitivity C-reactive protein; ICU, intensive care unit; TNM, tumor node and metastasis.

[^2]: **Note:** Data are presented as number (%).

    **Abbreviations:** BMI, body mass index; NRS 2002, nutritional risk screening; PNI, prognostic nutrition index.

[^3]: **Notes:** Data are presented as number (%). ^\#^Combined resection of organs refers to gastrectomy combined with spleen, part of transverse colon, or part of pancreas.

[^4]: **Note:** Data are presented as number (%).

[^5]: **Notes:** Data are presented as number (%). \*Includes one case of acute cholecystitis and 8 cases with unknown origin of infection.

[^6]: **Abbreviations:** OR, odds ratio; CI, confidence interval; CCI, Charlson comorbidity index; hsCRP, high-sensitivity C-reactive protein; BMI, body mass index.
